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I.  SUMMARY 


This  report  presents  the  results  of  a  program  for 
the  alleviation  of  static  electricity  problems  associated 
with  helicopters.  During  the  program  a  static  electricity 
discharging  device  for  helicopters  was  designed,  built  and 
tested..  Flight  tests  were  performed  with  an  H>37  helicopter 
under  a  number  of  different  flight  conditions.  During  these 
flights  conducted  in  a  natural  charging  current  of  2  micro¬ 
amperes,  the  discharging  device  maintained  the  electrostatic 
energy  level  at  below  1  mlllijoule.  It  has  been  established 
that  this  energy  level  satisfactorily  alleviates  the  exist¬ 
ing  problems  caused  by  the  presence  of  electrostatic  charge. 
Factors  affecting  the  performance  of  the  device  are  listed, 
and  recommendations  are  made  to  optimize  future  discharger 
research.  Also,  a  test  program  was  conducted  to  determine 
the  performance  of  high  voltage  corona  point  probes  under 
varying  conditions  of  vehicle  charge  and  polarity,  corona 
point  potential  and  corona  point  geometry.  The  capacitance 
to  ground  of  H-21  and  H-37  aircraft  was  determined  experi¬ 
mentally,  as  well  as  the  effect  of  the  air  velocity  on  the 
current  output  of  high  voltage  corona  points. 
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II.  CONCLUSIONS 


An  electrostatic  discharging  device  was  designed, 
built  and  installed  on  an  H-37  Army  aircraft.  With  the  unit 
in  operation,  the  electrostatic  energy  level  on  the  aircraft 
was  measured  below  one  (1)  millijoule.  The  energy  level  in 
the  helicopter  without  the  discharger  was  over  1000  milli- 
joules.  The  unit  was  installed  on  the  rotor  hub  of  the  air¬ 
craft,  and.  the  active  corona  point  dischargers  were  installed 
on  the  trailing  edge  of  two  rotor  blades  at  the  20- foot  radius 
station.  The  discharger  was  battery  operated.  The  operation 
and  performance  of  the  discharger  was  considered  to  be  satis¬ 
factory. 


In  addition,  the  following  conclusions  were  reached: 

1.  The  performance  (discharge  current  vs.  applied 
potential)  of  the  corona  points  was  found  to  be  a  nearly 
linear  function  of  the  air  speed  about  the  corona  point. 

2.  The  ability  of  the  discharging  device  to  sense 
the  presence  of  electrostatic  charge  in  the  helicopter  was 
found  to  be  a  direct  function  of  the  level  of  the  discharge 
current  of  the  two  corona  points  with  the  helicopter  at  zero 
voltage,  as  well  as  an  inverse  function  of  the  aircraft  gen¬ 
erated  electrostatic  field  in  the  neighborhood  of  the  corona 
points. 


3.  The  discharger  designed  and  fabricated  during 
the  present  contract  was  an  engineering  breadboard  model, 
built  to  test  the  basic  principles  of  the  device.  Its  weight 
was  28.38  pounds.  This  weight  Includes  the  following  items: 

a.  discharger  generators 

b.  discharger  amplifiers 

c.  discharger  batteries 

d.  probes 

e.  miscellaneous  hardware 

A  substantial  reduction  in  weight  could  be  achieved  through 
further  development  of  the  same  basic  design. 

4.  The  discharger  designed  and  built  under  this 
contract  represents  a  relatively  simple  and  inexpensive 
system  for  alleviating  the  problems  created  by  the  electro- 
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static  charge  in  helicopters  for  natural  charging  currents  in 
the  neighborhood  of  2  microamperes.  The  discharger,  being 
inherently  automatic,  will  require  little  maintenance  and/or 
adjustment.  The  power  requirements  will  be  below  20  watts  for 
a  large  size  helicopter. 

5.  Flight  tests  indicated  that  the  installation  of 
the  device  on  the  rotating  parts  of  the  helicopter  did  not 
cause  any  noticeable  effect  on  the  flying  qualities  of  the 
machine. 
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III.  RECOMMENDATIONS 


An  evaluation  of  the  data  obtained  during  this 
program  results  In  the  following  recommendations: 

1.  A  new  engineering  model  of  the  Dynamic  Neutral¬ 
izer  should  be  designed,  built  and  installed  In  an  aircraft 
for  evaluation  by  the  Army.  The  device  should  be  built  with 
the  same  basic  performance  as  the  breadboard  model  used  In 
this  program  and  should  be  hub-installed.  The  unit  should 
Incorporate  the  following  changes: 

a. )  A  single-transformer  unit  should  be  used, 

with  a  basic  schematic  diagram  as  shown 
in  Figure  1. 

b. )  The  power  supply  should  be  the  28  V.D.C. 

supply  of  the  aircraft,  fed  to  the  hub- 
installed  unit  through  a  simplified  elec¬ 
tric  rotary  coupling,  as  schematically 
described  In  Figure  1. 

2.  A  discharging  unit  using  the  same  basic  prin¬ 
ciple  as  1.  above  should  be  tested  in  a  fuselage  Installa¬ 
tion.  The  reduction  in  performance  of  the  corona  points 
caused  by  the  slower  air  speed  about  fuselage  mounted  points 
may  be  compensated  by  using  a  better  corona  point  geometry 
and  a  considerably  higher  generator  output  voltage.  Both 
Improvements  could  be  accomplished  In  a  fuselage-borne  in¬ 
stallation,  and  It  is  considered  that  the  obvious  advantage 
of  this  configuration  makes  it  worthwhile  to  conduct  the 
recommended  testing. 

3.  An  Investigation  should  be  conducted  to  de¬ 
termine  the  range  of  natural  charging  conditions  which  may 
be  encountered  by  operational  helicopters. 
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FIGURE  1;  DYNAMIC  NEUTRALIZER  (TESTED  UNIT)  SCHEMATIC  DIAGRAM 


IV.  DISCUSSION  OF  THE  PROBLEM 


A.  INTRODUCTION 

Any  aircraft  flying  in  the  atmosphere  can  be  con¬ 
sidered  as  a  conductive  body  located  in  a  highly  electrically 
insulated  environment.  In  such  a  body,  electrostatic  charge 
is  generated  by  three  principal  mechanisms: 

1.  Charge  transfer  created  by  a  triboelectric 
effect  between  the  aircraft  and  the  atmospheric  particles, 
such  as  dust,  water,  water  vapor,  snow,  etc. 

2.  Unbalance  of  the  ionic  content  of  the  exhaust 
gases  produced  by  the  aircraft  engine (s). 

3.  Induction  charge  due  to  high  electrostatic 
field  gradients  which  are  found  occasionally  in  the  aircraft 
flight  path. 

The  accumulation  of  electrostatic  charge  in  an  air¬ 
craft  is  equivalent  to  the  storing  of  potential  energy.  This 
potential  energy  may  be  released  if  a  conductive  circuit  is 
established  between  the  aircraft  and  ground. 

In  a  fixed-wing  airplane,  the  presence  of  a  physi¬ 
cal  short-circuiting  element  to  ground  is  very  unlikely. 

Hie  principal  effect  of  the  charge  accxamulation  in  a  fixed- 
wing  aircraft  is  related  to  the  radio  Interference  produced 
by  the  release  of  energy  through  natural  corona  points  on 
the  aircraft.  This  problem  was  analyzed  in  Reference  1,  and 
is  substantially  eliminated  by  the  use  of  passive  electro¬ 
static  dischargers,  as  descrioed  in  Reference  2. 

In  helicopters,  there  are  three  principal  problems 
caused  by  the  accumulation  of  electrostatic  charge: 

1.  The  electrostatic  shock  received  by  ground  per¬ 
sonnel  handling  external  cargo  suspended  from  a  hovering 
helicopter. 


2.  Ihe  electrostatic  spark- Ignition  of  air-fuel 
mixtures  produced  by  a  rescue  sling  dropped  from  a  helicopter 
hovering  over  a  crash  area. 

3.  The  self- Ignition  of  starters  and  detonators 
on  externally  carried  weapon  systems. 
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Consequently  this  program  was  Initiated  to  design, 
build  and  test  an  automatic  electrostatic  discharger  able  to 
maintain  a  large  Army  helicopter,  such  as  the  H-37,  at  an 
electrostatic  energy  level  sufficiently  low  to  eliminate  the 
dangerous  effects  listed  above.  In  accordance  with  References 
3  to  6,  a  satisfactory  minimum  energy  level  was  determined  to 
be  equal  to  one  (1)  mlllljoule. 

The  program  consisted  of  two  phases: 

Phase  I.  Parametric  Tests 

Phase  II.  Flight  Tests 

During  the  parametric  test  phase,  data  were  accu¬ 
mulated  for  the  purpose  of  establishing  the  design  parameters 
of  the  discharging  system.  Following  this,  the  system  was 
designed,  built  and  flight  tested  on  an  H-37  helicopter. 

B.  ANALYSIS  OF  THE  PROBLEM 

The  electrostatic  energy  which  a  flying  helicopter 
will  release  to  ground  through  a  suitable  discharging  circuit 
may  be  calculated  from: 


W  -  1/2  Cv2  (1) 

where  W  ■  Electrostatic  energy,  joules 

C  “  Aircraft  capacitance  to  ground,  farads 

V  ■  Difference  of  potential  between  the 
aircraft  and  ground,  volts 

Clearly,  the  determination  of  the  capacitance  of 
the  aircraft  Is  needed  In  order  to  refer  the  energy  level  to 
a  relatively  easily  measurable  parameter  such  as  tne  aircraft 
voltage. 


Hence,  the  capacitance  of  an  H-37  aircraft  was 
measured  as  a  function  of  the  altitude.  Measurements  were 
also  conducted  with  an  H-21  helicopter.  Figure  2  gives  the 
result  of  these  measurements  and  Figure  3  describes  the  tech¬ 
nique  used  to  obtain  the  data. 

In  Figure  4,  the  voltage  of  an  H-37  helicopter  Is 
plotted  against  helicopter  altitude  for  constant  electrostatic 
energy  levels.  Figure  4  was  obtained  using  the  data  on  Fig¬ 
ure  2  and  Equation  (1).  In  the  ensuing  discussion,  an  H-37 
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FIGURE  4:  H-37  ELECTROSTATIC  ENERGY 


helicopter  with  an  energy  level  that  Is  located  on  the  left 
side  of  the  10*^  joule  curve  will  be  considered  discharged. 

C.  ELECTROSTATIC  DISCHARGER  DESCRIPTION 

The  design  of  the  discharger  device  was  such  that 
by  some  on-the-spot  modifications  It  was  possible  to  test 
the  operation  of  two  completely  different  principles  of 
electrostatic  discharging.  The  first  principle  was  based  on 
the  use  of  the  natural  discharging  current  due  to  the  air¬ 
craft  rise  In  potential  as  a  sensing  magnitude  to  detect  the 
presence  and  polarity  of  electrostatic  build-up  on  the  heli¬ 
copter. 


This  detection  was  performed  by  using  a  sensing 
device  consisting  of  a  passive  corona  point  connected  to  the 
helicopter  through  a  resistive  circuit.  Any  current  flowing 
through  the  passive  corona  point  due  to  a  rise  In  the  air¬ 
craft  voltage  creates  a  potential  across  the  resistor.  This 
potential,  therefore,  Is  the  Input  signal  to  an  amplifying 
system,  which  controls  the  polarity  of  the  high-voltage 
generators. 

To  avoid  the  necessity  of  polarity  switching  of 
high-voltage  components,  the  unit  Incorporates  two  high- 
voltage  generators  (HVG).  The  control  amplifier  is  connected 
to  the  primary  stages  of  these  generators,  where  the  voltage 
is  sufficient  to  permit  the  use  of  commercially  available 
components  and  standard  design  techniques.  The  high-voltage 
generators  (HVG)  are  connected  to  active  corona  points  which 
accomplish  the  actual  discharging  of  the  helicopter. 

Figure  5  Is  a  block  diagram  of  this  unit.  This  dis¬ 
charging  unit  is  referred  herein  as  PCPSD,  for  Passive  Corona 
Point  Sensing  Device. 

The  second  principle  utilized  only  a  part  of  the 
components  used  In  the  PCPSD  system.  It  Is  referred  to  as 
the  Dynamic  Neutralizer,  and  has  the  following  operation; 

Two  high-voltage  generators  (HVG)  are  connected 
with  opposite  polarity  to  the  aircraft  frame  on  one  side  and 
to  two  corona  points  on  the  other  side,  as  described  In  Fig¬ 
ure  5.  The  voltage  output  of  both  generators  Is  made  equal, 
as  well  as  the  relative  position  of  both  corona  points  with 
respect  to  the  aircraft  and  the  air  speed  on  both  corona 
points.  Under  these  circumstances,  and  asstimlng  a  neutral 
aircraft,  the  current  flow  on  both  corona  points  will  have 
the  same  value  and  the  net  charge  accxnnulatlng  on  the  aircraft 
will  be  zero. 
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FIGURE  5t  DYNAMIC  NEUTRALIZER  BLOCK  DIAGRAM 


If,  due  to  a  natural  charging  current,  the  aircraft 
becomes  charged,  its  potential  with  respect  to  the  surrounding 
air  Increases.  Assuming  that  the  natural  charging  develops 
a  positive  charge  in  the  helicopter  (if  negative,  all  polari¬ 
ties  should  be  reversed  in  this  discussion),  the  total  poten¬ 
tial  between  the  positive  corona  point  and  the  surrounding  air 
increases,  and  the  total  potential  of  the  negative  corona 
point  with  respect  to  the  air  decreases.  Consequently,  the 
output  of  the  positive  corona  point  is  boosted  and  the  output 
of  the  negative  corona  point  is  reduced.  Under  these  new 
conditions  and  because  of  the  unbalance  of  the  positive  and 
negative  currents,  the  aircraft  takes  in  a  net  charge  through 
the  discharging  system  with  a  polarity  that  is  opposed  to 
that  of  the  natural  charge  which  created  the  aircraft  poten¬ 
tial.  In  the  example  described  above,  the  output  of  the  pos¬ 
itive  HVG  being  higher  than  that  of  the  negative  HVG,  the  net 
result  is  a  negative  charge  input  which  will  compensate  for 
the  natural  positive  charge  which  caused  the  rise  in  electro¬ 
static  potential  of  the  aircraft. 

Several  factors  affect  the  operation  and  perform¬ 
ance  of  such  a  discharging  system.  The  most  Important  are: 

1.  The  Corona  Point  geometry  and  location  with 
respect  to  the  aircraft  geometry. 

2.  The  Corona  Point  performance  (current  per 
unit  volt),  which,  in  turn,  is  affected  by 
two  basic  factors: 

a.  The  HVG  operating  voltage 

b.  The  air  speed  at  the  corona  point 

Both  discharging  principles  were  tested  using  the 
same  actual  unit  wired  in  different  ways  to  perform  either 
type  of  operation. 

Figure  6  is  a  photograph  of  the  discharger,  and 
Figure  7  is  a  photograph  of  the  unit  as  mounted  on  the  rotor 
hub  of  the  H-37  test  aircraft.  The  volume  of  this  device  was 
.15  cubic  feet.  As  shown  in  Appendix  11,  its  weight  was  10. 5 
pounds  without  batteries  and  12.8  pounds  including  batteries 
and  a  radio-controlled  switch  used  during  the  testing.  It  is 
pointed  out  that  the  unit  was  designed  and  built  as  an  engin¬ 
eering  breadboard  model  and,  hence,  substantial  reductions  on 
size  and  weight  are  considered  feasible  in  an  eventual  produc¬ 
tion  item. 
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FIGURE  6:  DISCHARGING  UNIT 


DISCHARGING  UNIT  ON  THE  H-37  ROTOE  HUB 


V.  EXPERIMENTAL  PROCEDURE 


A.  PARAMETRIC  DATA  ACQUISITION  PHASE 

Hie  design  of  the  electrostatic  discharger  required 
data  in  the  follov^ing  areas: 

1.  Performance  of  a  high-voltage  corona  point  as 
a  function  of  the  aircraft  potential  and  potential  gradient. 

2.  Performance  of  a  high-voltage  corona  point  as 
a  function  of  the  air  speed  about  the  point. 

3.  Effect  of  the  corona  point  geometry  on  the  per¬ 
formance  of  a  high-voltage  probe. 

In  order  to  obtain  this  information,  a  test  rig 
was  prepared  using  a  crane-mounted  engine-propeller  combina¬ 
tion  used  by  the  Contractor  for  another  contract,  Reference 
7.  Figure  8  is  a  photograph  of  the  test  rig.  Two  sets  of 
corona  points  were  installed  on  the  rig.  One  was  located  at 
the  tip  of  the  propeller  blades,  and  the  other  in  the  pro¬ 
peller  downwash  region.  Air  speeds  ranging  between  0  and 
800  feet  per  second  were  available  with  this  test  rig. 

The  whole  rig  was  insulated  from  the  ground  using 
sandwiched  teflon  and  plywood  supports  between  the  truck 
tires  and  the  ground. 

^e  Insulation  to  ground  of  the  rig  was  measured 
to  over  10^^  ohms . 

An  electrostatically  shielded  instrumentation 
cabin  was  built  on  the  truck.  The  following  instrumentation 
was  Installed  in  the  cabin: 

1.  A  gasoline-powered,  3-horsepower,  24-volt  DC 
generator. 

2.  A  24-volt  DC  to  115-volt  AC,  60  cycle,  750-watt 
converter. 

3.  A  DC  high-voltage  generator  with  floating  I"  30 
kilovolts  adjustable  output. 

4.  A  DC  high-voltage  generator,  with  floating  T  60 

kilovolts  adjustable  output.  _ 

5.  Two  DC  microammeters,  ranging  between  10~°  amperes 
and  10”^  amperes  full  scale. 
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FIGURE  8:  PARAMErRIC  DATA  ACQUISITION  TEST  RIG 


6.  An  electrostatic  transistorized  voltmeter 
having  an  Input  impedance  of  lO^^  ohms,  with 
scale  ranges  of  10  and  50  kilovolts. 

A  slip-ring  assembly  was  built  and  Installed  on 
the  propeller  shaft  to  connect  the  Instrumentation  cabin  with 
the  blade  tip  Installed  corona  points.  The  slip-ring  Instal¬ 
lation  was  designed  to  withstand  3(V kilovolt  DC  voltages. 

A  commutator  panel  was  designed,  built  and  Installed 
In  the  cablii  commensurate  with  the  high- voltages  used  In  this 
program.  Figure  9  shows  the  block  diagram  of  the  test  equip¬ 
ment. 

B.  FLIGHT  TEST  PHASE 


The  measurement  of  the  performance  of  the  discharger 
on  the  H-37  was  made  using  the  following  technique. 

A  radio-controlled  OFF-ON  switch  was  installed  on 
the  top  of  the  discharging  unit.  This  radio-controlled  switch 
is  shown  in  Figure  7.  A  radio  transmitter  was  installed  in 
the  helicopter  cabin.  The  measurements  were  taken  in  the 
aircraft  cargo  compartment.  An  instrument  desk  was  built, 
including  the  following  equipment: 

1.  An  electrostatic  transistorized  voltmeter, 
ranging  10  kilovolts  full  scale  maximum,  having  an  internal 
impedance  higher  than  lO^^  ohms. 

2.  A  5  to  1  capacitive  voltage  divider  for  "1", 
with  the  same  input  impedance. 

3.  Two  DC  microammeters,  ranging  from  10"®  to  10" 3 
amperes  full  scale. 

4.  A  vacuum  tube  voltmeter. 

5.  A  DC  microammeter,  20  microamperes  full  scale. 

6.  A  60-kilovolt,  reversible  polarity,  floating 
output  high-voltage  generator. 

7.  A  24-VDC  to  115-VAC  converter. 

Figure  10  is  a  partial  view  of  the  airborne  instru¬ 
ment  panel;  instruments  6  and  7  are  not  shown.  The  principal 
purpose  of  the  test  program  was  to  measure  the  amount  of 
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FIGURE  9:  PARAMETRIC  TESTING  RIG, BLOCK  DIAGRAM 
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FIGURE  10:  H-37  INSTALLED  TEST  INSTRUMENT  PANEL,  PARTIAL  VIEW 


electrostatic  energy  which  the  aircraft  stores  with  the 
system  In  operation.  As  a  reference  level »  the  electro* 
static  energy  of  the  H-37  without  the  discharger  was  de¬ 
termined. 


The  parameter  actually  measured  was  the  aircraft 
voltage.  The  measurement  was  done  using  a  highly  Insulated 
wire  hanging  below  the  hovering  helicopter,  and  connected 
to  ground.  The  voltmeter  was  connected  between  this  wire 
and  the  helicopter  body.  The  impedance  of  the  voltmeter 
(10^3  ohms)  is  sufficiently  high  to  insure  that  the  current 
drawn  for  the  measurement  is  several  orders  of  magnitude 
lower  than  the  natural  charging  current,  even  at  the  maxi¬ 
mum  voltage  readable  in  the  instrument. 

When  the  discharger  was  turned  OFF,  the  voltage 
on  the  helicopter  started  to  rise  quite  slowly.  The  time  in 
which  the  voltage  reached  an  apparently  stationary  reading 
was  also  recorded.  It  should  be  noted  that  this  reading  is 
given  only  as  an  estimate,  as  no  specific  instrumentation 
was  prepared  for  this  purpose.  In  addition,  some  of  the 
measurements  were  found  to  be  in  excess  of  50  kilovolts 
which  was  the  limit  of  the  available  voltmeter.  For  these 
cases,  the  final  voltage  is  recorded  as  "over  50  kilovolts". 
In  one  instance,  the  10-kilovolt  scale  was  used  in  order  to 
get  a  better  accuracy  on  the  voltage  reading  with  the  dis¬ 
charger  ON.  In  this  particular  case,  the  helicopter  voltage 
with  the  discharger  OFF  is  written  as  "over  10  kilovolts", 
for  a  similar  reason. 

The  following  sequence  of  measurements  was  followed 
for  each  test  flight: 

a.  Take  off  with  discharger  OFF. 

b.  Drop  ground  line. 

c.  Read  the  natural  charging  current. 

d.  Let  the  helicopter  voltage  rise  until  it 
reaches  a  steady  value.  Record  this  value. 

e.  Turn  the  discharger  ON.  Read  the  helicopter 
voltage  and  the  time  required  to  reach  this 
steady  value. 

f.  Turn  the  discharger  OFF.  Let  the  voltage  rise 
again.  Read  the  final  voltage  and  the  time 
required  to  attain  it. 

g.  Repeat  (e.)  and  (f.). 

h.  Repeat  (g.) 

i.  Recover  the  drop  line  and  land  the  aircraft. 


21 


The  above  procedure  gives  three  consecutive  meas¬ 
urements  of  the  helicopter  voltage  with  the  discharger  ON 
and  OFF  for  each  test  flight. 

The  natural  charging  current  was  also  measured  be¬ 
fore  each  voltage  reading.  This  measurement  was  made  by 
grounding  the  helicopter  through  the  hanging  wire  and  using 
a  series-connected  microammeter. 

The  measurement  of  the  discharger  performance 
under  artificial  charge  was  made  using  the  technique  de¬ 
scribed  in  Figure  11. 

The  artificial  charging  tests  were  performed  to 
check  the  operation  of  the  dynamic  neutralizer  for  negative 
charging  conditions.  It  should  be  noted,  however,  that  the 
test  results  should  be  considered  only  from  a  qualitative 
viewpoint.  The  reason  for  this  is  that  true  simulation  of 
natural  charging  would  require  a  generator  having  infinite 
voltage,  infinite  internal  impedance,  and  charging  the  heli¬ 
copter  at  a  constant  rate. 
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FIGURE  11;  ARTIFICIAL  CHARGING  TEST  SET-UP 


VI.  EXPERIMENTAL  RESULTS 


A.  PARAMETRIC  DATA  ACQUISITION  PHASE 

The  results  of  the  parametric  test  program  are 
presented  in  Figures  12  to  15.  Figure  12  shows  the  effect 
of  the  air  speed  on  the  corona  point  current.  The  measure¬ 
ments  were  made  with  the  truck  grounded,  and  with  a  20-kilo¬ 
volt  corona  point  potential. 

Figures  13,  14  and  15  represent  the  performance  of 
a  corona  point  under  varying  corona  point  potentials  with 
respect  to  the  vehicles.  Each  curve  is  plotted  for  a  con¬ 
stant  vehicle- to-ground  potential. 

The  corona  points  used  in  the  tests  of  Figures  13, 

14  and  15  are  shown  in  Figure  16.  Installation  of  these 
corona  points  are  visible  and  encircled  in  Figure  8.  The 
curves  in  Figures  13  and  14  correspond  to  a  wire  length  of 
20  inches,  while  the  curves  i  Figure  15  were  taken  by  using 
a  wire  length  of  40  inches,  ibe  point  consisted  of  a  stripped 
polyethylene  insulated  steel  cable,  formed  by  7  x  19  wires  as 
shown  in  Figure  16. 

Figure  17  shows  other  corona  point  configurations 
tested  in  this  program.  Table  1  gives  the  current  obtained 
under  similar  conditions.  The  configuration  in  Figure  17 
(configuration  A  on  Figure  17)  was  considered  to  be  a  good 
compromise  between  good  performance  and  design  simplicity. 

The  parametric  test  phase  was  performed  to  obtain 
sufficient  data  for  the  design  of  the  discharging  devices 
which  were  to  be  tested  in  the  flight  test  phase  of  the 
program. 


As  a  consequence  of  the  data  in  Figure  12  (the 
Effect  of  Air  speed  on  Corona  Point  Performance),  it  was 
decided  to  install  the  discharging  system  in  the  rotor  blades 
of  the  helicopter  at  a  20- foot-radius  station.  This  location 
represents  a  compromise  between  high  air  speed  and  an  accept¬ 
able  level  of  centrifugal  acceleration. 

The  presence  of  this  centrifugal  acceleration  in 
the  rotor  blade  Installation  was  also  considered  when  select¬ 
ing  the  corona  point  length  for  the  helicopter  Installation. 

From  a  mechanical  standpoint,  a  short  corona  point  is  desirable. 
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N0T2:  The  corona  poin^  current  shown  in  this  figure  is  the  discharging 

effect  of  the  coronr  point.  The  readings  were  taken  from 
mic  roncineter,  //A2,  F  igure  9,  while  short-circuiting  the  terminals 
of  the  HVG-2  generator,  which  was  inoperative. 


FIGURE  12  THE  EFFECT  OF  AIRSPEED  ON  CORONA  POINT  PERFORMANCE 


Curve  Identification 
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FIGURE  13;  CORONA  POINT  PERFORMANCE  CHART 
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FIGURE  14;  CORONA  POINT  PERFORMANCE  CHART 
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FIGURE  15:  CORONA  POINT  PERFOS^MA.^T;; 
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FIGURE  16:  CORONA  POINT,  TEST  RIG 


Insulated  Stainless  j 

steel  Cable  . 7  X  19  Cable  Unwound  and  Separated 

_ _ _ ,  ) -iX)  ®s  shown  in  Figure  16 
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FIGURE  17:  CORONA  POINT  CONFIGURATIONS 


TABLE  1 


EFFECT  OF  THE  CORONA  POINT  GEOMETRY 
ON  THE  CURRENT  OUTPUT 


Configuration 
(Ref.  Fig.  17) 


A 

B 

C 


All  tests  performed  with  vehicle  grounded  and  a  corona 
point  voltage  of  +20  kilovolts. 


Current 

Microamperes 

28 

30 

24 
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However,  the  comparison  between  the  data  on  Figures  14  and  15 
shows  that  a  longer  corona  point  will  increase  the  sensitivity 
of  the  dynamic  neutralizer  principle  of  operations.  An 
example  is  given  here  to  illustrate  how  this  conclusion  was 
obtained  from  Figures  14  and  15. 

The  discharging  action  of  the  dynamic  neutralizer 
is  performed  by  the  effect  of  the  aircraft  voltage  on  the 
output  currents  of  corona  points  having  the  same  potential 
with  respect  to  the  aircraft,  but  with  opposite  polarity. 
Assuming  that  this  potential  is  20  kilovolts,  the  operation 
of  the  corona  points  must  be  found  along  with  +20  and  -20 
kilovolt  vertical  lines  of  both  Figures  14  and  15.  It  can 
be  seen  that,  for  a  neutral  aircraft  (0  kilovolt  curves  on 
both  figures),  the  current  output  is  27.5  microamperes  for 
both  points  in  Figure  14  and  25  microamperes  for  both  points 
in  Figure  15. 

Let  it  be  assxnned  now  that  a  natural  charging 
current  begins  to  charge  the  helicopter  with  a  positive 
polarity,  and  that  the  magnitude  of  this  current  is  5 
microamperes.  A  balanced  condition  will  be  obtained  when 
the  difference  between  the  outputs  of  the  positive  and  the 
negative  points  reaches  5  microamperes.  Thus,  in  Figure  14, 
the  positive  output  must  rise  from  27.5  to  30,  while  the 
negative  output  must  decrease  from  27.5  to  25.  It  is  seen 
from  Figure  14  that  this  change  implies  a  vehicle  voltage  of 
about  4  kilovolts.  However,  in  Figure  15,  the  neutralization 
of  the  assinned  5  microamperes  charging  current  will  require 
a  positive  output  rise  from  25  to  27.5  microamperes,  together 
with  a  negative  output  current  reduction  from  25  to  22.5 
microamperes.  This  condition  is  obtained  with  a  vehicle 
voltage  of  approximately  2.2  kilovolts.  Hence,  a  discharger 
based  on  the  configuration  of  Figure  15  (40"  corona  point 
length)  will  perform  better  than  one  based  on  the  configura¬ 
tion  of  Figure  14  (20"  corona  point  length). 

The  slightly  larger  value  of  the  corona  point 
current  at  zero  vehicle  voltage,  which  is  shown  in  Figure  14 
(27.5 A),  with  respect  to  the  value  shown  in  Figure  15  (25 
/zA),  is  believed  to  be  due  to  air  speed  variations  caused 
W  errors  in  the  propeller  RFM  adjustments  during  the  testing. 
The  effect  that  this  small  difference  may  have  had  in  improving 
the  performance  of  the  Figure  14  configuration  case,  was  over¬ 
come  by  the  effect  of  the  Increase  of  corona  point  length 
corresponding  to  the  data  on  Figure  15. 

The  results  of  the  parametric  testing  agrees  well 
with  the  predictions  based  on  theoretical  considerations. 
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Theoretically,  if  a  corona  point  is  located  very  close  to  the 
aircraft  skj-n,  the  field  between  the  point  and  the  skin  will 
be  so  high  that  the  field  due  to  the  aircraft  potential  will 
have  negligible  effects  on  the  corona  point  output.  In  other 
words,  the  motion  of  the  ions  will  be  under  the  almost  exclu¬ 
sive  control  of  the  strong  field  created  by  the  corona  point 
voltage  with  respect  to  the  vehicle  skin.  The  effect  of  the 
relatively  weak  aircraft  field  will  have  little  consequence 
on  the  resultant  discharging  action.  For  these  conditions, 
no  dynamic  neutralizer  action  can  be  performed.  On  the  con¬ 
trary,  an  infinitely  far  separated  corona  point  will  have  an 
output  proportional  to  its  voltage  with  respect  to  the  sur¬ 
rounding  atmosphere,  and  this  voltage  will  be  the  algebraic 
addition  of  the  aircraft  voltage  with  respect  to  the  atmos¬ 
phere  and  the  generator  voltage  with  respect  to  the  aircraft. 

In  this  case,  the  field  created  by  the  corona  point  voltage 
with  respect  to  the  vehicle  skin  will  be  weakened  in  points 
remote  from  the  sharp  corona  points.  Hence,  the  field  created 
by  the  aircraft  potential  will  be  a  significant  factor  in 
controlling  the  ion  trajectories. 

From  the  results  of  the  parametric  testing  and  the 
preceding  discussion,  it  may  be  concluded  that  the  dynamic 
neutralizer  performance  may  be  improved  in  two  ways: 

1.  By  increasing  the  length  of  the  corona  point. 

2.  By  locating  the  corona  points  in  a  zone  as  flat 
as  possible  in  the  helicopter  fuselage  in  order 
to  reduce  the  aircraft  generated  field  at  the 
chosen  corona  point  distance. 

B.  DISCHARGER  UNIT  FLIGHT  TEST 

Tables  2,  3,  4  and  Figure  18  give  the  results 
obtained  by  flight  test  of  the  device.  The  test  was  performed 
at  Edwards  Air  Force  Base,  California,  between  23  September 
and  8  October  1961.  Figure  19  shows  the  H-37  helicopter  used 
in  the  test  program;  Figure  20  shows  the  H-37  helicopter 
corona  point.  All  testing  was  done  with  the  helicopter 
hovering  at  an  altitude  between  15  and  25  feet  in  fair  weather. 
All  natural  charge  was  found  to  be  of  positive  polarity. 

1.  PCPSD  Principle  Test  Results 

The  testing  of  the  PCPSD  version  of  the  discharger 
was  performed  over  concrete  covered  ground  using  the  circuit 
shown  in  the  drawing  195- SK- 802- 15,  Appendix  I.  In  this 
circuit,  the  current  flowing  through  the  passive  corona  point 
sensor  is  fed  into  the  input  of  a  differential  DC  preampli¬ 
fier  powered  by  a  floating  6- volt  DC  battery. 
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TABLE  2 


ARTIFICIAL  CHARGING 
TEST  RESULTS 

DYNAMIC  NEUTRALIZER  PRINCIPLE 

Natural  Charging  Current 
(measured  before  the  artificial 

charger  was  connected)  1.8  A  (positive) 

High-Voltage  Generator  Output  -30  KV 

Helicopter  Voltage,  Discharger  OFF  -29  KV 

Helicopter  Voltage,  Discharger  ON  -  1.5  KV 

Time  to  Charge  to  Maximum  Value  20  Sec. 

Time  to  Discharge  to  Minimum  Value  9  Sec. 


TABLE  3 


ELECTROSTATIC  DISCHARGER  PERFORMANCE 
DYNAMIC  NEUTRALIZER  PRINCIPLE 
NATURAL  CHARGING  CONDITIONS 


Flight  ntunber 
Surface  type 


Natural  charging  current, 
microamperes 

Generator  voltages  before 
the  flight: 

Positive  output,  kilovolts 
Negative  output,  kilovolts 

Helicopter  voltage,  discharger 
OFF,  kilovolts 

Time  to  charge,  seconds 

Helicopter  voltage,  discharger 
ON,  kilovolts 

Time  to  discharge,  seconds 

Helicopter  voltage,  discharger 
OFF,  kilovolts 

Time  to  charge,  seconds 

Helicopter  voltage,  discharger 
ON,  kilovolts 

Time  to  discharge,  seconds 

Helicopter  voltage,  discharger 
OFF,  kilovolts 


1 

2 

3 

Concrete 

Water 

Asphalt 

1.6 

1.8 

1.5 

20 

20 

20 

20 

20 

20 

>50 

>50 

>  50 

15 

- 

20 

1.7 

0.7 

1.0 

2 

2 

2 

>50 

>50 

;50 

13 

18 

15 

1.8 

0.7 

0.9 

2 

2 

2 

>50 

>50 

>50 

12 

17 

16 

1.95 

0.7 

1.2 

Time  to  charge,  seconds 

Helicopter  voltage,  discharger 
ON,  kilovolts 
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TABLE  3  (CONTINUED) 


Flight  number 

1 

2 

3 

Surface  type 

Concrete 

Water 

Asphalt 

Time  to  discharge,  seconds 

2 

2 

2 

Generator  voltages  after  the 
flight: 

Positive  output,  kilovolts 

17.5 

20 

20 

Negative  output,  kilovolts 

18 

20 

19.5 
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TABLE  4 


ELECTROSTATIC  DISCHARGER  PERFORMANCE 
PCPSD  PRINCIPLE 
NATURAL  CHARGING  CONDITIONS 


Flight  number 

1 

2 

3 

Surface  type 

Concrete 

Concrete 

Concrete 

Natural  charging  current, 
microamperes 

+2 

+2 

+2.2 

Helicopter  voltage,  discharger 
OFF,  kilovolts 

•  50 

>50 

50 

Time  to  charge,  seconds 

20 

22 

20 

Helicopter  voltage,  discharger 
ON,  kilovolts 

5-5.5 

5 

5-5.5 

Time  to  discharge,  seconds 

10 

11 

12 

Helicopter  voltage,  discharger 
OFF,  kilovolts 

'50 

>50 

50 

Time  to  charge,  seconds 

16 

16 

15 

Helicopter  voltage,  discharger 
ON,  kilovolts 

5 

5 

5.5 

Time  to  discharge,  seconds 

11 

11 

11 

Helicopter  voltage,  discharger 
OFF,  kilovolts 

^50 

>50 

>50 

Time  to  charge,  seconds 

25 

20 

22 

Helicopter  voltage,  discharger 
ON,  kilovolts 

5 

5.5 

5.5 

NOTE:  This  test  was  repeated  with  the  differential  amplifier 
unbalanced  In  the  positive  direction.  The  results 
obtained  were  basically  the  same  as  those  reported 
above . 
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FIGURE  18:  DISCHARGER  OPERATION  GRAPHICAL  PRESENTATION 
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FIGURE  20:  H-37  CORONA  POINT 


At  the  output  of  the  preamplifier,  a  polarity¬ 
sensing  resistor-diode  network  feeds  the  output  of  the 
differential  preamplifier  to  two  DC  control  amplifiers 
which,  in  turn,  control  the  amount  of  feedback  present  in 
two  standard  saturated- transformer- type  power  oscillators. 

The  secondary  coils  of  the  oscillator  transformers 
are  fed  into  two  high-voltage  rectifying-doubling  circuits, 
wired  with  opposite  polarities. 

The  overall  performance  of  the  system  was  such  that 
both  high-voltage  outputs  were  OFF  with  currents  below  'tO.S 
microampere  on  the  input  circuit,  while  currents  over  jrO.5 
microampere  determined  the  operation  of  either  the  positive 
or  the  negative  high-voltage  generator,  depending  on  the  re¬ 
spective  polarity  of  the  input  current.  Noise  and  drift  con¬ 
siderations  limited  the  sensitivity  of  the  control  amplifiers 
to  these  values.  Figure  21  is  a  plot  of  the  performance  of 
the  device  as  obtained  during  bench  testing.  Capacitors  Cc 
and  Cg,  Reference  Appendix  I,  were  used  to  provide  a  reaction 
time  of  the  unit  in  the  order  of  0.1  second,  thus  filtering 
out  the  high  frequency  components  of  the  corona  discharge 
flowing  through  the  passive  corona  point  and  contributing  to 
eliminate  any  possible  AC  feedback  between  the  high  power 
stages  of  the  unit  and  its  input  circuits,  which  could  other¬ 
wise  lead  to  unwanted  oscillations.  Resistors  R]^g  and  Rj^j^ 
Reference  Appendix  I,  provided  some  reverse  polarity  bias  to 
the  input  circuits  of  each  control  amplifier  when  the  other 
polarity  circuit  was  in  operation.  In  this  manner,  the  pos¬ 
sibility  of  simultaneous  operation  of  both  generators  in  the 
DC  amplifiers  was  avoided. 

The  OFF-ON  switching  of  the  discharger  was  performed 
by  a  radio-operated  relay,  to  avoid  the  necessity  of  using  a 
slip -ring  and  brush  type  device. 

The  relay  switched  all  batteries  ON  or  OFF  under 
the  command  of  the  radio  transmitter,  which  was  installed  on 
the  rear  fuselage  window  of  the  aircraft. 

The  performance  of  the  PCPSD  principle  was  investi¬ 
gated  in  the  first  part  of  the  flight  test  program.  The  re¬ 
sults  are  included  in  Table  4.  The  helicopter  voltage  with 
the  unit  in  operation  came  down  to  5  kilovolts,  in  a  very  con¬ 
sistent  manner.  The  same  test  was  repeated  three  times  in 
each  one  of  three  different  flights,  with  similar  results. 

An  attempt  was  made  to  decrease  the  helicopter  final 
voltage  by  unbalancing  the  differential  amplifier  down  to  a 
point  very  close  to  the  point  of  ON  switching  of  the  positive 
high-voltage  generator.  This  was  done  in  order  to  obtain 
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FIGURE:  21  PCPSD  DISCHARGER  BENCH- TEST  PERFORMANCE 


results  equivalent  to  those  which  could  be  obtained  with  a  more 
sensitive  amplifier.  The  natural  charge  at  the  test  site  was 
always  positive.  Hence,  the  decreased  sensitivity  of  the  nega¬ 
tive  channel  was  not  considered  objectionable  for  this  test  lo¬ 
cation. 


2.  Dynamic  Neutralizer  Principle  Test  Results 

The  testing  of  the  dynamic  neutralizer  principle 
of  operation  was  performed  by  using  the  circuit  shown  in  Figure 
1.  .Actually,  this  configuration  was  obtained  by  merely  short- 
circuiting  the  collector  to  the  emitter  of  both  2N386  control 
transistors,  and  disconnecting  the  battery  powering  the  differ¬ 
ential  preamplifier  used  in  the  testing  of  the  PCPSD  principle. 

In  this  manner,  as  soon  as  the  power  relay  was  switched  ON  by 
the  radio-control  system,  both  the  positive  and  the  negative 
high-voltage  generators  became  operative.  The  output  voltage 
of  the  generators  is  a  function  only  of  the  feedback  resistor  and 
the  battery  voltage  of  the  respective  generator. 

The  batteries  used  in  this  unit  were  rated  at  1.25 
amperes-hour,  and  the  load  of  each  one  of  the  batteries  powering 
the  high-voltage  generators  was  of  the  order  of  1  ampere,  de¬ 
pending  on  the  value  of  the  feedback  potentiometer.  The  batter¬ 
ies  were  of  the  nickel- cadmium  rechargeable  type,  and  were 
chosen  because  it  represented  a  compromise  between  minimum 
weight  and  reasonable  cost.  However,  the  output  voltage  of  the 
batteries  was  not  uniform  during  the  entire  discharging  operation 

The  operation  of  the  dynamic  neutralizer  principle 
depends  on  the  presence  of  two  DC  voltages  of  the  same  magni¬ 
tude  but  opposite  polarity.  It  has  been  mentioned  previously 
that  the  output  voltage  of  the  generator  was  affected  by  the 
battery  voltage,  and  the  latter  was  a  function  of  the  status  of 
charge  and  the  rate  of  discharge  of  the  battery.  So,  in  order 
to  maintain  the  outputs  of  both  generators  at  equal  levels, 
operations  were  performed  with  both  batteries  charged  as  high 
as  possible.  The  batteries  were  replaced  by  fully  charged  bat¬ 
teries  every  fifteen  minutes  of  operation. 
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In  order  to  ascertain  that  the  voltage  of  both  pos¬ 
itive  and  negative  generators  was  identical  throughout  the 
test,  these  voltages  were  measured  before  and  after  each  test 
flight.  The  time  elapsed  between  both  voltage  checks  was  of 
the  order  of  30  minutes.  On  several  occasions,  the  output 
voltage  of  one  generator  after  the  test  flight  was  found  to 
be  somewhat  different  from  the  output  voltage  of  the  other 
geneiator.  The  magnitude  of  the  unbalance  is  presented  in 
Table  3,  together  with  the  results  of  this  testing.  It  can 
be  observed  in  Table  2  that  the  helicopter  voltage  with  the 
dynamic  neutralizer  ON  waT  higher  in  each  consecutive  read¬ 
ing  of  the  same  flight,  except  in  the  testing  over  water. 

It  may  also  be  observed  that  in  over-water  tests  (Flight 
no. 2)  the  balance  on  the  neutralizer  was  maintained  through¬ 
out  the  test.  This  was  attained  by  reducing  the  time  dura¬ 
tion  of  the  periods  with  the  generator  ON  in  order  to  con¬ 
serve  battery  power. 

As  shown  in  Table  3,  the  output  voltage  of  the 
positive  generator  was  lower  than  the  output  voltage  of  the 
negative  generator  at  the  end  of  Flights  1  and  3  over  con¬ 
crete  and  asphalt  respectively.  The  effect  of  a  positive 
corona  point  with  less  voltage  than  its  negative  counterpart 
is  a  reduced  current  output  on  the  positive  corona  point. 
Hence,  under  such  unbalanced  conditions  and  with  positive 
natural  charge  present,  it  is  obvious  that  a  larger  helicopter 
voltage  will  be  required  in  order  to  reach  equilibrium. 

It  must  be  emphasized  that  the  problem  of  balance 
of  the  dynamic  neutralizer  can  be  solved  by  suitable  design, 
embodying  the  use  of  a  single  battery  and,  preferably,  of  a 
single  high-voltage  transformer  powering  two  high-voltage 
rectifiers.  In  the  present  program,  however,  the  dynamic 
neutralizer  principle  was  tested  utilizing  the  discharger 
built  for  the  tests  of  the  PCPSD  principle.  It  should  be 
realized  that,  although  the  modified  unit  may  be  considered 
as  adequate  for  test  purposes,  an  actual  dynamic  neutralizer 
would  require  some  redesign  of  the  equipment  used  for  this 
program.  Figure  1  presents  a  preliminary  schematic  diagram 
of  the  design  of  a  dynamic  neutralizer  discharger. 

The  performance  of  the  dynamic  neutralizer  was 
measured  with  the  helicopter  hovering  over  three  different 
types  of  terrain:  concrete,  asphalt,  and  water. 

3.  Artificial  Charging  Tests 

Table  2  presents  the  data  obtained  during  the  arti¬ 
ficial  charging  tests.  As  observed  in  this  table,  the  dis¬ 
charger  operates  satisfactorily  under  negative  charging  con¬ 
ditions.  However,  no  quantitative  conclusions  can  be  obtained 
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froir.  these  data,  inasmuch  as  these  tests  do  not  represent  a 
true  simulation  of  natural  charging.  The  natural  charging 
current  is  independent  of  helicopter  voltage,  whereas  the 
artificial  test  setup  resulted  in  different  charging  rates 
for  different  aircraft  voltages.  True  simulation  can  be  ob¬ 
tained,  therefore,  only  with  a  constant  current  generator 
having  infinite  internal  impedance  and  infinite  voltage. 

C.  COMPARISON  BETWEEN  THE  PCPSD  AND  THE  DYNAMIC  NEUTBALIZER 

TmCTPESS - 


The  data  presented  in  this  report  can  be  used  to 
compare  the  performance  of  the  two  principles  of  discharging 
used  in  the  program. 

It  has  been  shown  that  the  dynamic  neutralizer 
principle  reduces  the  helicopter  voltage  to  a  level  lower 
than  the  level  attained  when  using  the  PCPSD  principle.  How¬ 
ever,  it  is  noted  that  the  final  voltage  of  the  helicopter 
with  the  dynamic  neutralizer  is  a  function  of  the  natural 
charging  current  generated  by  the  aircraft.  This  dependence 
is  not  proved  by  the  flight  test  data  because  the  natural 
charging  current  at  the  test  site  remained  practically  con¬ 
stant  during  the  test  period.  This  dependence  has  been  de¬ 
duced  from  the  parametric  testing  as  explained  earlier  in 
this  report. 

On  the  contrary,  the  final  voltage  of  a  helicopter 
equipped  with  a  discharger  using  the  PCPSD  principle  is  or^y 
a  function  of  the  sensitivity  of  the  passive  corona  point 
sensor.  This  implies  the  assumption  that  the  natural  charg¬ 
ing  current  does  not  exceed  the  output  current  of  the  active 
corona  point  of  the  corresponding  polarity.  It  appears  that 
the  sensing  device  tested  in  the  helicopter  installation  did 
not  carry  . 5  A  at  helicopter  voltages  lower  than  5  kilovolts. 
At  this  value,  the  helicopter  energy  exceeds  the  1  millijoule 
level  established  as  satisfactory. 

Consequently,  it  may  be  concluded  that  the  dynamic 
neutralizer  principle  is  a  better  solution  to  the  problem  of 
discharging  a  helicopter.  This  conclusion  is  valid  only  if 
the  voltage  remaining  in  the  helicopter  with  the  dynamic 
neutralizer  in  operation,  can  be  maintained  at  a  satisfactory 
level.  The  utility  of  the  dynamic  neutralizer,  however,  is 
expected  to  decrease  if  larger  natural  charging  currents  are 
encountered. 

In  comparing  the  results  of  both  principles  of  oper¬ 
ation,  it  is  noted  that  the  discharging  time  recorded  with  the 
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dynamic  neutralizer  principle  Is  substantially  lower  than  the 
discharging  time  read  with  the  PCPSD  system.  This  result  Is 
unexpected,  because  the  output  of  the  single  corona  point  of 
the  PCPSD  system  Is  larger  than  the  differential  effect  of  the 
dynamic  neutralizer,  and  this  should  produce  a  faster  discharge 
with  the  former  principle.  No  conclusive  explanation  has  been 
found  for  this  discharging  behavior.  It  Is  believed,  however, 
that  an  Intermittent  ON-OFF  action  of  the  PCPSD  device  could 
have  produced  the  apparent  slow  discharge  rate,  which  might 
have  been  produced  by  a  damped  parasitic  oscillation  of  the 
system  during  Its  operation  far  from  the  equilibrium  condition. 

D.  MISCELLANEOUS  TEST  RESULTS 


Other  Information  obtained  during  the  flight  test 
program  Is  presented. 

1 .  Radio  Interference 


No  specific  radio  Interference  measurements  were  made 
during  the  tests.  However,  the  aircraft  was  operated  at  all 
times  with  two  radio  receivers  ON.  These  receivers  operated 
at  264.9  megacycles  per  second  and  540  kilocycles  per  second. 

No  Interference  was  noticed  as  a  result  of  the  operation  of 
either  of  the  devices  tested  In  the  program. 

2.  Aircraft  Flight  Characteristics 

No  specific  measurements  were  made  on  the  effect  of 
the  Installation  on  the  rotor  blades  of  the  corona  point  and 
associated  wiring.  However,  the  test  pilot  was  requested  to 
report  his  opinion  on  this  matter.  The  pilot's  opinion  Is 
as  follows: 

a.  A  qualitative  evaluation  of  the  flying  charac¬ 
teristics  of  H-37A,  serial  number  55-621,  was 
made  with  the  modified  narrow  chord,  main 
rotor  blades  Installed.  These  blades  were 
modified  by  Kellett  for  the  Static  Electricity 
tests  conducted  at  the  Army  Test  Office,  Ed¬ 
wards,  AFB,  California. 

b.  Flights  were  conducted  under  varying  condi¬ 
tions  of  hovering  (10-100  feet)  and  forward 
flight  up  to  80  knots  to  altitudes  of  7000 
feet.  There  was  no  difficulty  In  maintain¬ 
ing  the  main  rotor  blades  In  desired  track, 
and  under  all  flight  conditions  no  unusual 
vibrations  were  noted. 
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c.  Operation  with  the  modified  main  rotor  blades 
Installed  on  the  H-37  was  completely  satis¬ 
factory,  and  no  difference  could  be  noted 
from  using  the  modified  blades  over  standard 
production  Items. 

3.  Blade  Wiring  Insulation  Test 

After  the  completion  of  the  flight  test  program,  a 
test  was  carried  out  to  determine  the  maximum  Insulation  capa¬ 
bility  of  the  blade  Installation  and  the  maxlmxnn  output  of  the 
high-voltage  generator.  The  positive  generator  was  connected 
to  one  blade  and  Its  voltage  was  raised  until  a  failure  was 
experienced. 


The  wire  Installation  In  the  blades  with  serial 
numbers,  56M-1462,  56M-1478  and  56M-1352  failed  at  voltages  of 
about  42  kilovolts.  Failure  Is  defined  here  as  a  loss  of  the 
Insulation  at  voltages  over  a  few  kilovolts.  This  failure  was 
of  a  permanent  nature. 

The  blades  were  Inspected  again  upon  their  arrival 
at  the  Contractor's  plant  after  the  completion  of  the  test  pro¬ 
gram.  The  three  blades  mentioned  above  were  still  short-circuited. 
The  two  remaining  blades  (serial  numbers  56M-1420  and  56M-1470) 
were  still  preserving  good  Insulation  characteristics  up  to  20 
kilovolts. 

Human  Sensitivity  to  Electrostatic  Discharge 

The  sensitivity  of  humans  to  electrostatic  discharge 
has  been  reported  In  References  3  to  6.  From  these  references 
It  may  be  concluded  that  a  discharge  Involving  an  energy  release 
of  1  mlllljoule  may  be  considered  as  the  mlnlmtnn  level  detectable 
by  an  average  person. 

In  order  to  verify  this  Information,  this  Contractor 
has  performed  a  survey  using  capacitance  values  In  the  same  range 
as  the  capacitance  of  an  H-37  Army  helicopter. 

The  voltmeter  used  to  read  the  voltage  In  the  capac¬ 
itor  (Sweeny  Model  ETVM)  has  an  Input  Impedance  of  10^^  ohms. 

The  capacitor  used  In  the  testing  has  a  value  of  750  microfarads 
equivalent  to  an  H-37  hovering  at  15  feet,  as  shown  In  Figure  2. 

The  time  constant  of  the  capacitor-voltmeter  combination  was 
several  hours.  In  fact,  during  the  testing,  no  readable  change 
on  the  voltmeter  Indication  was  observed  after  the  disconnection 
of  the  voltage  source  from  the  capacitor. 
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The  test  was  performed  as  shown  in  Figure  22  and 
is  described  as  follows: 

A  high-voltage  generator  was  connected  to  the  ca¬ 
pacitor-voltmeter  combination.  The  output  of  the  generator 
was  500  volts  in  the  first  trial,  and  was  subsequently  raised 
by  100-volt  steps.  Once  the  capacitor  was  charged,  the  gen¬ 
erator  was  removed  and  the  test  operator  touched  the  upper 
plate  of  the  capacitor  bank.  A  reading  was  made  of  the  volt¬ 
age  at  which  the  operator  was  able  to  feel  the  discharge.  The 
test  was  conducted  by  using  five  different  persons,  and  the 
results  may  be  considered  as  identical  for  all  of  them.  The 
test  was  conducted  with  the  human  test  subject  standing  on 
four  different  types  of  surfaces.  Table  5  gives  the  result 
of  this  survey.  From  the  results  of  Table  5,  it  was  con¬ 
cluded  that  the  value  of  1  millijoule  represents  a  good  value 
of  the  human  threshold  of  sensitivity  to  electrostatic  dis¬ 
charge. 
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TEST  SET  UP 


FIGURE  22:  HUMAN  THRESHOLD  OF  SENSITIVITY  TO  ELECTROSTATIC 
DISCHARGE,  TEST  SET  UP 
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TABLE  5 


THRESHOLD  OF  SENSITIVITY  TO  ELECTROSTATIC  DISCHARGE 


Capacitance:  750  microfarad 


TYPE  OF  STANDING  VOLTAGE  ENERGY 

SURFACE 


Grounded  Metal  Plate 

Concrete 

Asphalt 

Damp  Ground 


1400  volts 
1800  volts 
1900  volts 


.74  mlllljoules 
1.22  mlllljoules 
1.36  mlllljoules 
.85  mlllljoules 


1500  volts 
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APPENDIX  I 

ELECTRICAL  SCHEMATIC,  H-37  STATIC  DISCHARGER 
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APPENDIX  II 


INSTALLATION,  H-37  STATIC  ELECTRICITY  DISCHARGER 

A.  WEIGHT  STATEMENT.  POUNDS 

1.  Static  Discharger 


a.  Generator-amplifier  package  10.540 

b.  Batteries  2.150 

c.  Remote  switch,  radio  receiver  .110 


2. 

Probes  (5) 

12.800 

1.500 

3. 

Wire  (5  blades) 

1.805 

4. 

Miscellaneous  hub  and 

blade  root 

fittings,  bolts,  etc. 

(5  blades) 

12.275 

Total  pounds  28.38 


No  attempt  was  made  to  minimize  weight  or  to  miniaturize; 
significant  weight  economies  are  possible  for  prototype  and 
production  equipment. 

B.  MATERIALS 

1.  Probes- fiberglas 

Unidirectional  fabric  #143  was  used  with  Armstrong 
C-7  layup  adhesive. 

2.  Batteries 

Everready  #763,  22^  volt,  1  required. 

Everready  #744,  6  volt,  3  required. 

3 .  Wire 

a.  Blade  Span 

0.045  inch  diameter,  HFX-TWH  24-1/24  teflon 
insulated  wire;  Hytemp  Wire  Co.,  Westbury,  N.Y. 

b.  Blade  Root 

3/32  inch  galvanized  steel  core  cable/poly¬ 
ethylene  tape  Insulation;  Boston  Wire  and 
Cable  Co.,  Boston,  Massachusetts 

4.  Bonding  Agent  -  Wire  to  Blade:  C-7  adhesive. 
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DISTRIBUTION 


USCONARC  3 

Seventh  US  Army  1 

USAIC  2 

USACGSC  1 

USAWC  1 

USAATBD  1 

USAAVNBD  1 

USATMC(FTZAT),  ATO  1 

ARO,  Durham  2 

OCRD,  DA  1 

NATO  2 

ARO,  OCRD  1 

TO,  USAAVNC  1 

USAAVNS,  CDO  1 

CECDA  1 

USATCDA  1 

USATB  1 

USATMC  21 

USATEA  1 

USATC&FE  4 

USATSCH  3 

USATRECOM  67 

USA  Tri-Ser  Proj  Off  1 

TCLO,  USAABELCTBD  1 

USATRECOM  LO,  USARDG  (EUR)  1 

TCLO,  USAAVNS  1 

USARPAC  1 

AFSC(SCS-3)  1 

Air  Univ  Lib  1 

AFSC  (Aero  Sys  Div)  2 

ASD  (ASRMPT)  1 

ONR  3 

BUWEPS,  DN  5 

ACRD(OW),  DN  1 

USNPGSCH  1 

CMC  1 

MCLFDC  1 

MCEC  1 

MCLO,  USATSCH  1 

NAFEC  3 

Langley  Rsch  Cen,  NASA  2 
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Ames  Rsch  Cen,  NASA 

Lewis  Rsch  Cen,  NASA 

Sci  &  Tech  Info  Fac 

ASTIA 

USAMCAFO 

USASRDL 

Marine  Acft  Gp  36 

SG 

USAMOCOM 

USSTRICOM 

USAMC 

Kellett  Acft  Corp. 
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